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I like poople. I like aninels,; too--whales asnd quails,; dinosaurs and
dodos; I an sorry that I shall never see g living dinogsaur or dodn. I like
trecs; I hope that the glaat redwoods will not all be cut dear. T like mioro-
organisns. I like crystels—ainorels, such as caleite, rhodochrocite; pyrite,
mmyite, lasulite. I do not like to think ebout the tons of besutilunl
crystals of galens, gsgurite, and malachite belng mlned and gnelied Lo make
the lead and copper used in umecessarily great anounts in our oxpending
technological civiiigation,

I believe that Dr. Albert Schweitser &id not go fer enough In forou-
lating his priaciple of reverence Jor life. We need %0 have roverexe for
the vhole world, both animgbte and inenisate.

But I 1ike lnman belngs espoclally. aad 1 an unheppy that the pool of
humean germ plasn, which determines the nature of the busan racc, is deterio-
rating. The collecilon of molecules of demgyridbosemwcleic acid thai will
make the next geseratiom of eman beings vhat 1t will be is not so good as
that wvaieh determined our character; there arve more bed molecules in the col—
lection. The defective genes are now aot belng elliminsted Do the pool of
hunen gernm plagn so rapidly a8 lu the past, becausce we have madc nmedieal pro-
gress and have developed feelings oF copession such ao to make 1§ posalible
Tor us to permit the individuals vho carry the bad gence to have nore progeny
than in the paat. Morecover, defleciive pones are belng rmawfactured gt o greater

rate than in ths peat, beesuge thors zre nov mrtegenic egenis opergtl



in the world of todey.

A good example of a hereditary disease is chondrodystrophy, vhich
causes dwarfiism. The gene for chondrodystirophy i1s dominant. One child in
12,000 wvho is born suffers from this digease, as a result of his possession of
8 nevly mutated gens. About 80 percent of them die in the first year after
birth. It is likely that the incidence of chondrodystrophy is increasing, as
& result of the ection of the new mitagenic agents in the modern world.

I estimate that in 80 percent of the cases of mental disease there is
a strong hereditary factor. There is, of course, also in many cascs &
significant envirommental factor. The hereditary nature of a lnmean being may
sometimes be such that he can withstand grest enviromsentel stress, vherces
for other Wwuman beings the hereditary character 1s such that even the minlmm
asount of enviromsental stress is enough to csuse serious memtal discase.
About balf the hospital beds in the United States are occupied by mental
patisnta. About ten percent of the American people spend some time during
their lives in a memtal bospital. I belleve that, as more is learned about
the molecular basis of mental discase, it will be possidble to decrease signi-
ficantly its ineidencs.

8ickle-cell anenie was the first disease to be recognized as involving
an abnaxumality of a molecule. A dogen years age 1t was thought that all human
beings namilacture the same kind of hemoglobin. Then it wes discovered that
the hemoglodbin molecules in the red cells of patients with sickle-cell anenia
are differesmt {roa those in other humen beings. The moleculs of sickle-cell-
anenaia hemoglobin has an electric charge differing bWy two unite from that of
a molecule of normal adnlt human hemoglobin,

It vas found that the parents of the patients with this disease nami~
facture both normal aduilt mman hemoglobin and sickle-cell-anemia hemoglobin;
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molecules of the two kinds of hemoglobin are present in each red cell of these
parents, in about equal amounts. The genetics of sickle-cell anemia is ac-
cordingly clear: there are two genes iavolved in the mamufacture of hemoglobin;
in normal human beings each of the genes is a gene for normal adult humen
hemoglobin, and manufactures this hemoglobin, vherses in the sickle-celli-anemis
patient both genes are sickie-cell genes, vhich manufacture sickie-celi-anemia
hemoglobin, and in the leterogygotes there is a gene of each kind, and both
kinds of hemoglobin are mamifectured.

inge the dlscovery of sickie-cell-anemis hemoglobin ten years ago
ahout 20 different sbnormal mman hemoglobing have been discovered, sssoclated
with many different disessos, previously unrecogniszed as distinct clinical
entities.

The gene amormality responsibvle for the diseese is evidently a nimute
one. The hewglobin molecule conalsts of two identical parts, each contalning
about 0 saino-ecld residues. It has been shown that all but one of the anino
acids are the sxae in normal adnlt lnpwan hemoglobin and sickle-ceoll-anemls,
hemoglobin, and that the 300th, located scmevbere in one of the polypeptide
chaing;, is differeat: 1t is a residue of veline in sickle-cell-anemis hemo-
globin, and of glutamic acid in normal aduli humen hemoglobin. It is likely
that the gene that 1s involved in the asmmufacturs of the hemoglobins is
sinilarly altered by a small smount, one paxrt In 300, in its mutation from the
normmal adult human hemoglobdn gene to the sickle-cell-anemia

It is only ten years since the molecular basis of sickle-cell anemla
and of the other hemoglobinemiss was discovered, and the details of the dif-
ference in molecular strusture of the hemoglobins responsible for the diseases
have not yet been woked out. Ve may hope that &8 more and more informetion
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is gathered about the molecular nature of these disesses 1t will, in the course
of time, be possible Lo develop on the baslis of this information an effective
therspy for them, and thus to decresse the ancunt of human suffering that
these mutant gones causs.

It is likely that all of the disesses thal result from inborn errors
of metabolisn can similarly be deseribed as molecular discases., Por exaple,
Phenylketomuria results from the failure of the patient to manufecture en
effective enzyme, in the liver, that catalyses the oxddation of pheaylalanine
o tyrosine.,

About two percent of visble chiifren born have groes physical or nenitsl
defect becaunse of their inheritance of defective genes. Many sore sulfer fron
minor hereditary defects, which in the lomg run may csuse more mman suffering
than the major defecta, because they are not removed so effeciively from the
Pool of muman gern plas: by the inlertiiity of their hosts. Thc rate of
namilacture of defective geneg by mutation is incressing, as & result of the
existence in the modem world of mutagenic agents, such as x-rays used in
wedicine for disgnostic and therspeutic purposes and of the radiocactivity of
fallout from the testing of muciear weapons. The geneticists of the Netional
Acadenty of Sciences-Rational Research Council Comuittee thal submitted its
report in 1957 estimated that high-energy rediastion csuses sbout ten percent
of all mtaticns. The exposure of the gomads of Americans to background
radiation; from commie rays and natural radicectivity, smounts to sbout three
roentgens during the Tirst thirty years of life, Medlical x-rays provide
approxingiely the some exposure. The estimate that I have made of the exposure
due to radicactive fallout, for muclear explosions carried out at the average
rate of the pest few years, is sbout 0.3 roemtgens in thirty years.

There is nothing thet we can do sbout the dameging of the pool of
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human germ plass by cosmlc rays and natural redicectivity. It 1s,. of course,
possible by good medical prectice to decrease somewhat the exposure of the
goneds Lo nedlical x-rays, as by shielding the gonads vhenever an axposuce of
some other part of the body Is belng made. Anothor effective way is through
the use of x-rey films of increased senslitivity, and through the limitation of
roentgenogaphic sxamination to cases when there is significant nedlcal Justi-
fleation.

The dasage done By radioactive fallout can be limited through the
cessatlion of the tests of mxelear wegpons. It is worth while to attempt to
make an estimate of the mudber of human belngs vho might be kept sane by the
aet of stopping the testing of maclear wespons.

The effects that we shall discuss are genetic effects that would appear
in the population in the Ualted States during the next few generations. I
shall ssasume that the average populstion of the United States during the next
fev generations will be 200,000,000, 0 this total, ten percent, 20,000,000,
ney be expocted to epend same time Quring their lives in & mental hospital. I
asmme that there is a strong hereditsry factor involved for cighty percent of
then; that 18, for 16,000,000, If the testing of muclear weapons werce to be
cantimied st the recent anmial rate for a period long cnough to expose the
germ plas: of the entire population to the fallout dose. an ostimaled musther
of mutations carregponding to an additional 160,000 cases of mental illness
would be produced in the population of 200,000,000, The teagts that have
already bewn carried out can be similarly estizated Lo cause mibations that
will result in serious mental dissase In 23,000 pecple in the United States.

I think that it can be a source of satisfaction to us that at the present

time no nation is comtimuing ite tests of muelear weapons, and that the Geneva
Conference om an Intermational Agreencat for the Cessatlon of Buclear Bxplosions
is continuing, and may soon lead to the formulation of an effective agreement.
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I an astounded by the rapid progress that has been made during recent
years in the understanding of the moleculsr struciure of humen beings. Ten
years ago I would have sald that the discavery of the gtructure of deoxyribose-
miclele aoid and the formulation of s rossonsbliz molecular nechaniem Tor its
seli-duplication would be something that our chiliren or granchildren alght
achieve, but not we ourselves; yei the YUstson-Urick proposal sucas Lo be
satisfactory. The exploits of the auclear physicists during the last few
decades show how fest progress can ocour, when the time isg ripe. I believe
that the next fifty yesrs are going to be the golden years for biology and
mediclne. I believe that it will be possible $0 make grest progress. during
the next fow decades, in the control of mental disease.



